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The number of randomized, controlled studies of cognitive 
remediation (CR) for schizophrenia, a therapeutic approach 
designed to improve cognitive skills and function, has grown 
substantially over the past 20 years. Active elements of CR 
treatment, however, remain unknown. The current meta-
analysis investigated treatment, study, and participant fac-
tors in the size of observed treatment effects. Electronic 
databases were searched up to May 2020 using variants 
of the key words “cognitive remediation,” “clinical trials,” 
and “schizophrenia.” This search produced 73 unique, 
randomized, controlled trials. Data were independently 
extracted by 3 reviewers with excellent reliability. Random-
effects models were used to assess primary cognitive and 
secondary symptom and functional outcomes. Moderator 
analyses investigated the role of a variety of treatment, 
study, and participant factors. The meta-analysis (4594 
participants) revealed that CR produced significant small-
to-moderate size improvements in all domains of cognition 
studied (Hedge’s gs = .19–.33). and a significant small im-
provement in function (Hedge’s g = .21). CR programs that 
included a discussion (“bridging”) group to help apply ac-
quired cognitive skills to everyday life produced larger ef-
fects on global cognition and verbal memory. CR programs 
with strategy-coaching produced larger effects on episodic 
memory. Sample age, gender, positive, negative, and overall 
symptoms, and medication dose did not serve as barriers to 
treatment gains. CR produces small-to-moderate improve-
ments in cognition and function in schizophrenia. Programs 
of CR that utilize bridging groups and strategy-coaching 
are more cognitively potent. Future research should focus 
on ways to modify CR to bolster generalization of cognitive 
improvements to function.
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Introduction

Broad-spectrum cognitive impairments are a core feature 
of schizophrenia, present at the first episode of psychosis, 
and remain stable, or worsen, over time.1–4 Multiple 
cross-sectional and longitudinal studies have illustrated 
a small-to-moderate association between cognition and 
community functioning, including successful social rela-
tionships and work,3–6 and a small but growing number 
of studies have linked changes in cognition to changes in 
function over time.7,8

Cognitive remediation (CR) is a behavioral interven-
tion consisting of extensive task practice and/or the 
acquisition of cognitive strategies with the aim of produ-
cing sustained changes in cognitive skills that generalize 
to functioning.9 Over the past 20  years, there has been 
marked growth in the number of trials investigating the 
efficacy of CR in schizophrenia-spectrum disorders with 
evidence of small-to-moderate CR-related cognitive and 
functional improvement. However, the diversity of treat-
ment approaches used across studies has made it difficult 
for opinion leaders to recommend specific approaches to 
CR as evidence-based practice.10,11

CR is often administered as a component of or in 
addition to broader programs of psychosocial rehabili-
tation. This adjunctive treatment may impact outcomes 
of CR, and play an essential role in the transference of 
cognitive gains to everyday functioning. While previous 
studies have suggested that this psychosocial context may 
be essential for optimizing CR and seeing gains in func-
tional outcomes,12 some have suggested that the nonspe-
cific elements of these contexts, such as social contact or 
therapeutic engagement, may be responsible for gains in 
cognition and functioning.13

Interventions differ widely with respect to curricula, 
which may focus on computerized drill-and-practice or 
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paper-pencil drill-and-strategy training, and the provi-
sion of motivational support and/or cognitive strategy 
coaching while CR exercises are practiced.13 Many trials 
have opted to include a “bridging” discussion group sep-
arate from the CR training itself, to promote the generali-
zation of cognitive gains to everyday living.14–16 It remains 
unknown which, if  any, of these treatment features are 
crucial for CR success.

Two recent meta-analyses have investigated 
computer-assisted CR approaches. One found a small-
to-moderate effect of CR on attention, working memory, 
positive symptoms, and depressive symptoms, but found 
no effect of CR on functional outcomes.17 The second 
found that intervention modalities delivered with SHG 
were significantly more effective in improving verbal 
memory, working memory, and “real-world” cognitive 
skills than computerized CR alone.18 However, CR with 
SHG had no differential impact on clinical symptoms or 
functional outcomes.18

As the largest meta-analysis of CR for schizo-
phrenia to date, including both computerized and non-
computerized modalities, the present study was designed 
to assess the efficacy of CR broadly, and to analyze how 
multiple factors moderate treatment outcomes. Our 
primary hypothesis was that CR will produce improve-
ments on measures of cognition (primary outcome). We 
also predicted that there would be a positive effect of 
CR on secondary outcomes, such as functioning (both 
performance-based measures of functional capacity and 
clinician assessments of community-function), symp-
toms, and client-experience measures of recovery. With 
respect to moderators, we hypothesized that the effects 
of CR would be smaller when delivered as a stand-alone 
treatment compared to when CR is offered as an adjunct 
to another form of psychosocial rehabilitation, and that 
strategy coaching and bridging groups would enhance 
CR effects.

Methods

Literature Search

This meta-analysis followed the Preferred Reporting Items 
for Systematic Reviews and Meta-analysis (PRISMA) 
Statement.19 Searches were conducted in December 2018 
and in May 2020, using the databases PsycINFO and 
PubMed. See supplementary materials for search strings 
and figure 1 for a PRISMA flow diagram of search results.

Inclusion and Exclusion Criteria

Articles were included if: (1) RCTs compared a CR in-
tervention with a non-CR control group, (2) published 
between 1980 (year of publication of DSM-III)20 and 
May 2020, (3) published in English, (4) the intervention 
targeted cognition, with CR accounting for at least 50% 

of the treatment time, (5) outcomes included a stand-
ardized performance-based measure of cognition, (6) at 
least 70% percent of study participants had a diagnosis 
of schizophrenia or schizoaffective disorder, and (7) re-
ported post-treatment outcome data as either raw means 
or least-squares means. Articles were excluded if  the CR 
intervention: (1) included an element of social cognitive 
or social skills training, or (2) trained on a single cogni-
tive measure. We excluded studies that included a social 
cognitive training component to their program of CR 
to better understand the mechanisms of action of treat-
ments targeted specifically at elementary cognitive deficits 
and their relationship to other key treatment outcomes.

Data Extraction

Data from each included study was independently ex-
tracted by pairs amongst the 3 authors (J.A.L., A.N., 
M.M.K.) using a standardized data extraction spread-
sheet. Data extracted included: location/year of the study; 
premorbid, clinical, and demographic characteristics of 
the sample; characteristics of the CR intervention and 
control condition; and outcome measures. Interrater reli-
ability measures of data extracted from a subset of these 
studies was 98%. Discrepancies between raters were re-
solved by consensus. If  an included study reported more 
than one comparator group (ie, TAU vs active control), we 
extracted data from the active control group except when 
the control treatment was a social cognitive intervention 
where overlap between CR and the alternative treatment 
might be significant and obscure the true effects of CR 
interventions. For studies that accompanied CR with a 
form of human guidance, a separate distinction was made 
for human guidance that included strategy coaching. 
Certain studies complemented a CR intervention with 
an adjunctive psychosocial rehabilitation program. These 
adjunctive rehabilitation programs were categorized as 
either evidence-based or non-evidence-based. Programs 
(such as cognitive-behavioral therapy and supported em-
ployment) were defined as evidence-based in accordance 
with the Schizophrenia Patient Outcomes Research Team 
(PORT) psychosocial treatment recommendations.10

Outcomes

Cognitive variables were categorized based on the do-
main they were presumed to assess. Objective cognition 
measures were organized into 7 domains corresponding 
to those of  the Measurement and Treatment Research 
to Improve Cognition in Schizophrenia (MATRICS) 
Consensus Cognitive Battery (MCCB)21: attention, 
reasoning and problem-solving, working memory, 
processing speed, verbal learning and memory, visual 
learning and memory, and social cognition. Cognitive 
tests not used in the MCCB but studied in previous 
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meta-analyses were grouped into these general MCCB 
domains according to previous practice.12,17,22 Tests not 
studied in previous meta-analyses were grouped ac-
cording to the domain they were presumed to measure. 
A  global cognition domain was formed from MCCB 
composite scores and from author-derived cognitive 
summary scores when a majority of  the component 
tests aligned with our test-domain categorizations. 
For function, performance-based measures of  social 
skill and activities-of-daily living were distinguished 
from clinician-rated and/or self-reported psychosocial 
outcome scales.23 Lastly, we also included measures 

of  clinical symptoms and recovery (eg, self-esteem, 
self-efficacy).

Statistical Analysis

Effect-Size Calculation. Effect-size analyses were con-
ducted according to procedures suggested by Rosenthal24 
and Hedges and Olkin,25 using Comprehensive Meta-
Analysis v. 2 software.26 For purposes of the present study, 
the Hedge’s g score was defined as the difference between 
intervention type (ie, treatment versus control) at termi-
nation of training expressed in standard deviation units 

Records identified through 
December 2018 database searches 

in PSYCINFO and PUBMED
(n = 1140)

Records excluded based 
on title/abstract review

(n = 1420)

Full-text articles excluded
(n = 184)

Ineligible because not RCT = 52
Ineligible RCTs = 132; reasons:

Only partial results reported = 33
Intervention included social 
cognition/social skills training = 24
No useable post-tx data = 21
No cognitive outcome = 14
Intervention not CR = 13
CR comparator trial without 
control = 12
Participants not 70% SZ = 10
Intervention trained on a single 
cognitive measure = 3
Full text not in English = 2

Unique RCTs* included in 
quantitative synthesis 

(meta-analysis)
(n = 73)

Additional articles identified 
through references lists and 

relevant reviews
(n = 7)

Records after 352 duplicates removed
(n = 1684)

Records screened on basis 
of title and abstract

(n = 1684)

Full-text articles assessed 
for eligibility

(n = 264)

Full-text articles meeting 
eligibility requirements

(n = 80)

Records identified through 
May 2020 database searches in 

PSYCINFO and PUBMED
(n = 896)

Fig. 1. PRISMA flow diagram. *Multiple published articles representing results from a single RCT were grouped together.
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(Mpost exp-Mpost control/SDpooled across groups). This ap-
proach assured consistency with previous meta-analyses 
in this research area.12,18 Study statistics were converted 
to g using Hedges and Olkin formulas.25 Pooled standard 
deviation was calculated using the Rosenthal formula.24 
Effect sizes were characterized as small (0.2), medium 
(0.5), or large (0.8).27

For studies with multiple measures assessing the same 
domain (eg, working memory), we selected the measure 
within that domain that was most frequently used across 
studies to decrease measure heterogeneity. By expressing 
effect size in standard deviation units, we were able to make 
a direct comparison of outcomes across studies. Positive 
effect size values indicated improvement as a result of cog-
nitive interventions for outcomes. When negative effect 
size values were considered improvements on time-based 
(ie, decreased task completion time) and self-report out-
come measures (ie, decreased symptoms) we multiplied 
these values by −1 for ease of communication.

Effect-Size Synthesis and Assessment of 
Heterogeneity. Individual values of  g were thereafter 
combined across studies and weighted according to their 
precision. In this approach, larger sample-size, more pre-
cise (less variable) estimates are accorded a greater weight 
in the creation of  the summary effect-size estimate using 
a random-effects model. Potential differences in effect 
sizes between studies were analyzed using the method 
of Hedges and Olkin.25 This procedure computes mean 
weighted effect sizes and 95% confidence intervals (CI) 
for each variable subset and allows for the testing of  the 
influence of  each individual factor on the overall results 
using the Q statistic. To assess stability of  underlying ef-
fects we used a test for heterogeneity QT that is based on 
the sum of squares of  the individual effect sizes around 
the mean when each square is weighted by the inverse 
of  the estimated variance of  the effect size. Q has an as-
ymptotic chi-square distribution and is analogous to the 
analysis of  variance. This approach was complemented 
by the use of  the I2 statistic that describes the propor-
tion of  variability in effect sizes that is attributable to 
different studies (20% low, 50% moderate, and 75% high 
heterogeneity).28 A  2-tailed significance level of  P ≤.05 
was selected for all analyses to provide consistency and 
comparability of  findings with previous meta-analyses in 
this area.12,17,18

Risk of Publication Bias. To partially address the “file-
drawer” problem, we calculated a fail-safe N using the 
Orwin method,29 which provides an estimate of the 
number of studies with null results that would be needed 
to render the obtained effect size not clinically mean-
ingful. In the absence of a universally accepted clinical 
significance level for effect sizes, we assumed a Hedges’ 
g of  0.1 would cease to reflect a meaningful degree of 
difference between treatment and control groups, as 

scores from 96% of participants from the 2 groups would 
overlap at this effect-size.29

Moderator Variable Analysis. For analyses of objective 
cognition, symptoms, or function where there was signifi-
cant heterogeneity of effect sizes, we evaluated a number of 
demographic, illness, and treatment moderator variables. 
Continuous variables evaluated were: sample mean partici-
pant age, disease duration, gender distribution, symptoms, 
estimated IQ, duration of intervention, and study quality. 
Categorical variables were: early-stage vs chronic sample, 
in vs outpatient treatment, group vs individual treatment, 
active vs passive control, use of a computer, drill-and-
practice vs drill-and strategy training, therapist-guided 
treatment, provision of cognitive strategies during ther-
apist coaching, use of a bridging group, CR and control 
group treated within the context of psychosocial rehabili-
tation. Continuous data were analyzed with a continuous 
meta-regression model with a z-test for significance of 
model fit.25 Group comparisons were made for categorical 
moderator variables. In these comparisons, ANOVA-type 
summary values were estimated for the group effect. All 
analyses were based on a random-effects model.

Study Quality Measures

We rated each study according to the Clinical Trial 
Assessment Measure (CTAM).30 Interrater reliability 
for this study quality scale was assessed by 2 authors 
(J.A.L. and M.M.K.) and was 90%. Corresponding au-
thors for each study were also contacted to ensure accu-
racy of the ratings, of which 55% responded.

Results

Study Characteristics

Sample Characteristics. Seventy-three studies, totaling 4594 
participants, satisfied our inclusion and exclusion criteria. 
Overall, participants were in their mid-to-late 30s (mean 
age = 37.18 [SD = 7.53]) and mostly men (% male = 66.49 
[SD = 13.35]). Additional information on sample character-
istics across all studies is provided in table 1.

Treatment Characteristics. In 56 studies, participants 
interfaced with a computer during CR. In 54 studies, par-
ticipants were exposed to a therapist during CR; in 25 of 
those 54, the therapist provided strategy coaching to help 
facilitate learning. Thirteen studies included a bridging 
group in addition to CR sessions. CR sessions were ad-
ministered in a group format in 30 of the studies, and 
individually in 43 studies. Forty-six studies employed a 
drill-and-practice approach to CR, while 27 used a drill-
and-strategy model. The average length of treatment 
was 34.86 hours (SD = 23.25), over the course of 13.23 
weeks (SD = 7.63), with an average of 2.84 sessions/week 
(SD = 1.17).
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Forty-three studies employed an active control con-
dition; 30 had a passive control. In 33 studies, the CR 
treatment was embedded in a co-offered psychiatric re-
habilitation program, which was provided to both treat-
ment and control groups. For 16 of these 33 studies, 
rehabilitation programs were evidence-based as defined 
by the PORT recommendations for psychosocial reha-
bilitation.10 The remaining 17 studies did not fit these 
parameters and were deemed non-evidence-based.

Study Quality. The average score on the CTAM across 
all 73 studies was 66.04 (SD = 12.81).

Meta-analysis Results

Table 2 includes effect size and heterogeneity calculations 
for each of the domains tested. Forest plots for significant 
outcomes are in the supplementary materials.

Effects of Treatment on Cognition. Twenty-six studies 
provided post-treatment data on global cognition. The 
overall effect was .29 (95% confidence interval [CI] = .12–
.45), indicating a small effect of CR on global cognition. 
Within the standard cognitive domains of the MCCB, 
there were significant small-to-moderate effects of CR 
on verbal learning (k  =  61, g  =  .33), working memory 
(k = 62, g = .32), attention (k = 35, g = .28), reasoning 
and problem-solving (k = 50, g = .27), processing speed 
(k = 52, g = .20), and visual learning (k = 33, g = .19). 
Effects on social cognition were small and marginally sig-
nificant (k = 17, g = .12, CI = .00–.24).

Effects of Treatment on Clinical Symptoms. Negative 
symptoms improved modestly after CR training (k = 31, 
g = .16). Effects on positive symptoms, total symptoms, 
and depression were non-significant.

Effects of Treatment on Functioning. There was a small 
but significant effect of CR on functional outcome as 
measured by clinician-based assessments and self-reports 
of community and or work function (k = 34, g =  .21). 
Effects of CR on functional capacity and measures of 
recovery were non-significant.

Moderator Analysis. Effects of CR on global cog-
nition were greater in interventions that included a 
bridging group (Q  =  6.13, P  =  .013; figure  2). This ef-
fect was largely reproduced in the verbal learning domain 
(Q = 5.85, P = .016; figure 2). Participants who received 
strategy coaching performed better on measures of verbal 
learning (Q = 4.05, P = .044; figure 3) and visual learning 
(Q = 4.33, P = .038; figure 3). In the attention domain, 
studies with a longer duration of CR produced larger ef-
fects (slope = .023, SE = .011, z = 2.09, P = .036, k = 35).

Sample age, gender, positive and negative symptoms, 
total psychiatric symptoms, and medication dose played 
no role in cognitive outcomes. Participants with less formal 
education improved more on measures of reasoning and T
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problem-solving (slope  =  −.106, SE  =  .044, z  =  −2.38, 
P =  .017, k = 43) and processing speed (slope = −.081, 
SE =  .036, z = −2.24, P =  .025, k = 43). Samples with 
lower IQ estimates had larger treatment effects on visual 
memory (slope = −.023, SE = .010, z = −2.36, P = .018, 
k  =  16). There were larger improvements in func-
tion among chronic as compared to early-stage clients 
(Q = 5.87; g = .27 chronic, g = −.13 early-stage, P = .016).

Study quality had an inverse relationship with the size of 
CR effects on working memory (slope = −.009, SE = .003, 
z = −2.86, P = .004, k = 62) and reasoning and problem-
solving (slope = −.011, SE =  .004, z = −2.90, P =  .004, 
k  =  50). Improvements in global cognition (Q  =  4.91, 
g = .57 without active control, g = .19 with an active control, 
P = .041), and working memory (Q = 5.18, g = .43 without 
active control, g = .25 with active control, P = .023) were 
also greater when there was no active control condition.

Discussion

To our knowledge, the current report is the most compre-
hensive meta-analysis of RCTs of CR for schizophrenia 
to date. Reporting on findings from 73 unique trials of 
4594 participants spanning 18 countries, this study in-
cludes data from more than twice as many participants 
as the last comprehensive meta-analysis in this area,12 
and over 500 more participants than a recently published 
meta-analysis focused on computerized interventions.18T
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While the present study expands upon previous meta-
analyses of CR in size, it also distinguishes itself  for its 
narrowed scope and analytic specificity. Firstly, to isolate 
the effects of neurocognitive training on outcomes, our 
stringent entry criteria excluded trials of CR with com-
ponents of social cognitive training that have been in-
cluded in previous meta-analytic studies in this area.12,22 
Secondly, to our knowledge, this is the first-meta-analysis 
of CR to analyze the effects of training on subjective 
recovery-oriented client-experience measures. Thirdly, 
we assessed the role of multiple treatment-level factors 
related to CR delivery that cut across diverse curricular 
models (eg, human guidance, supplementary discussion 
groups, strategy-coaching, treatment administration 
format) in an effort to identify the important components 
of treatment that should be the target of future refine-
ments and adaptations of CR for use in routine clinical 
practice.

Effects of CR on Treatment Outcomes

Our results illustrate a small-to-moderate effect of CR 
across multiple cognitive outcomes. We also found small ef-
fects of CR on clinician-based assessments and self-reports 
of community and work function, while CR had no effect 
on positive or overall psychiatric symptoms, functional 
capacity, or measures of recovery. While these findings 
were largely consistent with previous meta-analyses,12,17,18 
we expand preceding reviews by distinguishing between 
functional outcome and capacity and reporting on the ef-
fects of CR on patient-centered measures of recovery and 
quality of life. Our findings revealed that gains in “real-
world” functional outcome in response to CR in the con-
text of a brief clinical trial are possible, and that they are 
not dependent upon changes in functional capacity, at 
least as measured in this corpus of studies.

CR in the Context of Psychosocial Rehabilitation

We hypothesized that, consistent with previous findings,12 
effects on functional outcomes would be elevated when CR 
was delivered along with an adjunctive form of rehabilita-
tion. However, we found no difference in outcomes between 
trials of stand-alone CR and of CR embedded within 
other interventions. Neither highly targeted, manualized 
evidence-based programs nor diversely targeted “treat-
ment mall” style outpatient programs were found to op-
timize CR outcomes in our analysis. Nonetheless, clear 
conclusions regarding the role of adjunctive rehabilitation 
in CR remain elusive for a variety of reasons: First, CR 
was embedded in a substantial heterogeneity of rehabili-
tation programs in our dataset with very different targets. 
This may have increased “noise” and obscured a treatment 
signal. Second, many authors did not describe details of 
the CR delivery context or the content of co-occurring 
treatments, limiting our capacity to analyze these potential 

moderators. Third, the number of studies that both merged 
CR with an evidence-based rehabilitation practice (as de-
fined by the 2009 PORT guidelines), as opposed to of-
fering no rehabilitation or not obviously evidence-based 
practices, and reported functional outcomes, was small 
(k = 7). And fourth, effects of CR-enhanced rehabilitation 
practices on functional outcomes have been found in some 
studies to emerge 6 to 12 months after the termination of 
CR.31 Current analyses were focused exclusively on out-
comes coincident with the termination of CR treatment 
in each study.

Key Components of CR Delivery: Bridging Groups, 
Strategy-Coaching, Therapist Presence, and Duration 
of Treatment

Our findings suggest that a “bridging” group—a dis-
cussion group in which clients practice social skills and 
discuss how cognitive gains can be applied to their eve-
ryday lives—may be an integral component of CR de-
livery, moderating the effect of CR on global cognition 
and verbal learning. Bridging groups are a key element of 
several models of CR treatment (eg, Neuropsychological 
Educational Approach to Cognitive Remediation 
[NEAR]) and are designed to promote clients’ intrinsic 
motivation and enhance learning outcomes. While find-
ings from neuropsychology have provided a basis for 
the principles of CR (ie, which cognitive impairments to 
target), they do not dictate how best to engage clients in 
learning or promote recovery.14 Bridging groups are one 
strategy, giving clients an opportunity to engage with 
peers to process learning outcomes and discuss applica-
tions of cognitive skills in their everyday lives.

The studies captured in our review paint a complex pic-
ture, with CR interventions ranging from self-administered 
drill-and-practice training,32,33 to therapist-guided paper and 
pencil practice with manualized strategy provision,34 to hybrid 
approaches combining computerized training with coaching 
and supported employment,35 to compensatory training ap-
proaches, based on teaching the utilization of internal strat-
egies or external prosthetics to overcome cognitive difficulties.36

Even when 2 research teams utilized the same com-
puterized training package (eg, COGPACK), delivery 
varied: in one case, individualized exercises were supple-
mented with active human instruction and strategy pro-
vision,13 while another described the use of COGPACK 
with only automated computerized feedback.37 We found 
that effects of CR on measures of episodic memory were 
substantially elevated when delivery included strategy 
coaching. Given that strategies commonly taught in 
the context of CR include principles of visualization, 
chunking, and verbal repetition,38 it is unsurprising that 
the greatest effects were evident in episodic memory.

Supplementary Human Guidance (SHG) has previ-
ously been defined in the CR literature as encompassing 
a broad array of  therapeutic support that can occur 
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either during the CR sessions themselves or as part 
of  complementary rehabilitation (eg, employment 
programs).18 SHG has been found to enhance some 
cognitive outcomes in studies of  computerized CR.18 
We analyzed this definition with greater precision in 
several ways. Within studies that provided participants 
with human guidance during CR sessions, we separ-
ated out 2 forms: (1) human presence providing only ad 
hoc motivation or support, and (2) therapist delivery 
of  explicit strategy-coaching. Furthermore, we chose 
to analyze adjunctive rehabilitation (which often fea-
ture additional therapist interaction) as a separate var-
iable to hone in specifically on the impact of  human 
guidance during CR sessions on targeted outcomes. We 
did not find that motivation or support alone during 
CR sessions had an effect on CR outcomes. We did 
find that strategy-coaching improved some cognitive 
outcomes substantially as compared to CR programs 
administered without explicit strategy provision. It is 
possible that the broad definition previously used for 
SHG conflated the effect of  mere human presence 
during sessions with that of  explicit strategy-coaching 
or supplemental treatment.

Our findings empirically support recommendations 
from a recent expert working group white paper on CR. 
This was true despite broader entry criteria in our study 
with respect to compensatory forms of  CR; specifi-
cally, experts endorse the importance of  clinicians sup-
porting clients in learning strategies and participating 
in real-world transfer activities.39 Our results, in con-
junction with this set of  expert recommendations, sug-
gest that CR sessions should be facilitated by therapists 
and that these clinicians should receive explicit training 
on strategy-coaching and bridging group facilitation. 
With the exception of  attention, CR training dura-
tion had no effect on cognitive, symptom or functional 
outcomes.

Participant Characteristics

With the exception of  less-educated samples showing 
an enhanced response to CR in the domains of  rea-
soning and problem-solving and processing speed, and 
lower baseline estimated IQ predicting larger responses 
to CR in visual memory, the majority of  sample char-
acteristics tested had no impact on outcomes. Thus age, 
gender, positive, negative and overall psychiatric symp-
toms, and medication dose should not serve as barriers 
to benefit from CR interventions. Unexpectedly, more 
chronically ill samples showed more improvement on 
functional outcomes in response to CR. These find-
ings may be explained by the fact that these partici-
pants had more room for improvement compared to 
early-stage samples. Additionally, it may reflect that 
functional assessments in schizophrenia are tuned to 
deficits common to a more chronic population. Less 

than 30% of  included trials reported on participants’ 
racial demographics, highlighting the need for height-
ened transparency to critically assess the impact of 
demographic and sociocultural characteristics on CR 
outcomes. Given documented disparities in psychosis 
treatment utilization and long-term outcomes amongst 
racial-ethnic minority populations,40–42 future research 
should collect data on demographic characteristics in 
order to parse out any predictors of  treatment engage-
ment and response. This line of  investigation could in-
form future efforts to engage marginalized populations 
with traditionally low rates of  psychosocial treatment 
utilization.43 Such strategies may include enhanced cul-
tural competency in the delivery of  CR with diverse 
populations and the use of  recovery-oriented and 
person-centered approaches, such as addressing unmet 
social needs (eg, housing) as part of  care.43

Impact of Study Quality on Treatment Outcomes

Clinical trials that are biased in their sampling, assess-
ment, or related methodology call into question results 
regarding treatment efficacy. A previous comprehensive 
meta-analysis of CR found no effect of study quality on 
outcome.12 However, in our analysis, studies of higher 
methodological quality reported lower treatment ef-
fects in the domains of working memory and reasoning 
and problem-solving. In the working memory domain, 
studies without an active control reported larger effects, 
suggesting that nonspecific treatment effects may specifi-
cally influence measures of working memory.

Study Limitations

The findings of  the present study should be interpreted 
in light of  its limitations. First, any meta-analysis using 
sample means does not provide information on odds of 
individual participants benefitting from CR. Second, 
due to multiple comparisons and the use of  a threshold 
P-value of  .05, some reported findings may have re-
sulted from inflated Type 1 error. However, it should be 
noted that had we used a more severe alpha of  P = .01 
the majority of  findings from this study would remain 
unchanged. Third, consistent with methods used in 
previous meta-analyses of  CR, we chose only one test 
within each cognitive domain per study to include in our 
analysis.17 Fourth, as is common to most meta-analyses, 
our findings were dependent upon the fidelity of  pub-
lished reporting of  the specific methods of  component 
studies. Given the multifaceted differences in approach 
to CR evident in the literature, along with the com-
plexity of  the intervention itself  (curriculum, role, and 
training of  treatment facilitators, treatment setting etc.), 
failures to detail specific features of  treatment admin-
istration in specific studies may have introduced unin-
tended noise into our analyses.
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Future Directions

The 2020 American Psychiatric Association practice 
guidelines for the treatment of schizophrenia described 
CR as a “suggested,” rather than “recommended” prac-
tice, citing low research evidence of CR’s impact on 
global, social, and occupational functioning and core 
illness symptoms.11 The current comprehensive meta-
analysis of a substantial research base reveals that in 
fact CR produces robust, small-to-moderate effects on 
a broad-range of core treatment targets (cognition) and 
robust albeit small effects on the more clinically relevant 
domain of psychosocial function. Future research should 
aim to further parse out the active ingredients of CR and 
the optimal settings for delivery. Our findings elucidate 
the potential benefit of therapist strategy-coaching and 
bridging groups to enhance cognitive outcomes. However, 
while the ultimate goal of both strategy-coaching and 
bridging groups is to promote cognitive strategy use in 
daily life outside of treatment, more research is needed 
to pinpoint the factors that ensure transference of these 
cognitive gains to functional outcomes. Future investi-
gation is also needed to understand the utility of CR as 
an adjunctive feature to another psychosocial interven-
tion. Indeed, the number of studies merging CR with 
evidence-based psychosocial rehabilitation programs re-
mains low, inhibiting assessment of the role CR may play 
in enhancing outcomes of other treatments. Lastly, 33% 
(k = 18) of the therapist-delivered CR trials captured in 
our review did not report on the level of training of the 
CR interventionists, which may influence the replicability 
of treatment findings and have an impact on fidelity of 
CR interventions to treatment protocols when adminis-
tered in real-world clinical settings. In accordance with 
recent recommendations from the CR expert working 
group, future reports of CR should specify therapists’ 
level of background.39

Conclusions

A meta-analysis of 73 unique RCTs (4594 participants) 
of CR revealed small-to-moderate effects on all cognitive 
domains studied (primary outcome). Small effects were 
evident on client and clinician-reported psychosocial 
function (secondary outcomes). No effects were evident 
on symptoms, capacity-measures of function, or meas-
ures of recovery. CR interventions with a bridging group 
and strategy-coaching were more cognitively potent. 
Future research should investigate approaches to modi-
fying CR to increase its impact on functional outcomes.

This comprehensive review of CR also highlights the 
need for increased collection and reporting of demo-
graphic and sociocultural factors and client-centered 
measures of quality of life and recovery to ensure that 
CR interventions are meeting the needs of diverse client 
populations.

Supplementary Material

Supplementary material is available at Schizophrenia 
Bulletin online.
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